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AiUuJlj ^*^' 

ABU DHABI TDUNSM & CUIIURE AUTHORITY 



ji^ "ij ,OjL£ilj «jUUJI nljl (j* 4jjji**j» jjj£ ■ ■« - K £JjJ«U» a L3u.lt J * -^ 1 1 1 ^jJojjI 4 ijli y| 
" ^j*. SjJjjaJLi ,j*jjJj lid j*JI dljl (jjt 0 Li£JI Ijjb «JjljJI jHUI oL|-a.j 

fl ^ - K £ jjJUJl M J iiojA-i-J» «i_J_ijJLjl «L-_>jjJI ^JJ&Jj. 

jf ^jj-_S\JI jl 4jjj j Si^jwj (_$L ^l__Cjl iJL* ^jJ tj\>- (jjt JL__«I*-I jl jOT 

(_$f jl atjji- ^l jil jt ila^l ^Ip (Jt^ri— _Jlj ^l jĕ- jj jiJl J^jr*— Jl 4_i U. 4_-5Cjl_C_- 
.jiLJl ^l--*- Oil Jjj ^ Lg_tU-jL-lj oLj ji*ll Ji__>- 4j Lc.<_£ ^j-l j--J *L_-j 



7 ^JuL» 

9 jJ Jup L. 

16 JUp IsjiU-i ^ L. 

23 *bj_Jl jiill Jl *bj_Jl f js-Jl ^ 

33 ?tb j_Jl i_j jiill Oj-s-J 

41 ^^Sr-^^JJ^J* 

56 . . j_Jl t_j jiill oJIp £l jjl JL>- jj Jjd 

60 ?_j-Vl L__i_l Js-b 3Uji bL. 

63 . . . ?tb j_Jl i_j jiiJl aJa_-ljj yLJl jSsj: Ja 

69 ?oJb'li t b j_Jl c-» ji-U Ja 

71 ?*bj_Jl 4j jiJl ^__»_7 Ot _^_c J* 

74 <_U- 

76 . * jI-_ IU .-t I . __J 



Uo jtj 1 . J sLil tlj j-*Jl kL) jiJl 
. 2u*LkJ\ a.....,;JI (_$f iAjSLA-I ^ AijJ-l Aj^JiJl 
j»\ jJaJl aLoJ^ ^ji.* <L> jilJl oJla LJUj 

i_j jJLJLj S j.,<?«U ji-^ij ^J*3j . AJJsLiJl aJLj^aJI 

oLmsL>«j ItJj ^j^jIt, ,. i jl L> jJj^j ttljj—Jl 
A^SC^LSsJl ,jj jj Aj ^lii ^ '-^Jj L>5" ^jpU-l 
Ai,,,.,;Jl ^ Ai; ^laJ ^ jjjLJLjl LjpL<s L*5" ,»J c Vji 
^ L. aJ^AI JjjUI ^ *Jlil LJ 6 jSLw .JUbJl 
^ j-Jl 4^ *i <*-~> i—a-i^-J 01 LJ 

* * ' 

JjjU Jl JLJu jl iaJL^ V 2LiijJl c->Lj?L>- 
. LaOj^- j o^lCaJ ^l A^SOiJl oLk^-">Lll 
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^ja OJ->«j U.j L$J AjtjJaJl ^ Sjj <u. iLA-l 
c JL-Jl IJL» .Ajjlil tLiVl Oy JiLu <—oL4 

0 jjLSJl apUa) t j^^LJl j ^1)1 ^ ^Lc 

J ^jul*-* ,jy«^>- ^jLS ^Jl <LoLA-I »-Li> £Ju 

ialil jjiS" jt) l H ,:lr< ^y^t- £ ^J-LJ lftU 
^L' li^Lc ^ j c (LJ,^ LUp J^iio ^l 

iu> d .14* iuuji e V f 

. jLiJl IJL* ^ L$J Jr^J ^L» t^jya— Jj-I jjJL* 

L J^j Up ^jSll ^jLC c Jliil J^ J* 

IjJU aJLS" ^jSU 0V ijiJl »JL* «Jljj^l fli 
J^j V Lili cJj.UiLj 1024 x 6 v jJlL-) 
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^U-il ^ja L _u?J L L\J i_.*.,.7; ij-Li-L 

75 aJJj) Ur^ ^L. 4,j__J ?_JJ- i jl 
4iL__» L j;.; J-**-- (£^-' 60 L$j jj) ol ^lj (£J-' 
L_fcJ_-t L\> J*_-_- ^_l _jj_L| o jS 01 .__-! j 
^ _>___> Sfl ^ ^ jLLc. ,J__>t ^Vl oL4 
<up j%*~-l ^^5-; L _>aj) L{i. j_-Ij JS" _ jj 

4500= 1 2 /60 X75 

10 "= 2 ( 106 X 6,4)/ 1024 X 6 X 75 
( 10 X 6,4 \iS ^jSfl £L_A L jupl l_l 

I «> g 'a J_-l jil Jjt^*!— L IJL* ^ — 1 ^y 0 ^ 3 

LoLi-l ol* j j__ j ! y-VI _L__-t ^ 

I 4__»L_I iiL_il <_J_' l_l _->l3> ^j.jt _J_~__»T 

AiL—ll i_Jl_" l_l oj\* 0j__l C__ —jslj '(jij-— > 
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<xj jl 

jIJju^I ^ «o^» <ii J-*^' 

^ yj^ ^i m ^ jj^ 1 

oLL^j ^ jl SL>. » « .:■ ll jiidl J^-l^ J"jLf L*S" 
Js jJL- ^jP Sjjj—w. ^LoLLli ^yj .Oj^Jl 

C?'-J ^ J^ 1 jS> ^J^) <>J^ ls^ ^ 1 ^ 1 

^ ^JiJl Js jii ^jp ajj j— ^ L. jjJL ( ^Sn 
01 jJJi ^ ^U-I ^ : JJli Jji^ jVl «Ul 

CjiJiJl jt vlJJi ^ j\Jl .,>jSfL f jJa^u. V ^iiJl 
J^ l^ 9 J^ 1 «(^^LLj)) caiS"^ £ jiJ^ ykj 
IsitJl SJbLJl o jiJl jt tjt-2Li 01 jt 'L^i ^jJa-Ai *>Vi 
oL^j (j^j^l ^Lj^Lst ^/'j*^ j-o-iJl ^j»- 10* 

IJLA aJj^' A-^Jsl^Jl 2L>tjJlj .AijJl 4*JL 

(l^SOl J ^J^I j J^ ljlX. ^ Ji >Ul 01 

J js- L$Jl jjS ^ j&l ^jIp iLsy-± A-lii 
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0 0 s 

c^jj JS" C-Ui L»j jv 4j ^kj Xai 
jJJi ^ . L$i>Lvs .aSjj L. _j_jtl jJl j iJ:> VI jj-» 
jS* JL>- y Lp Jbo L*Lp j ^jj Jbu L« jj c!^i* 

Ub^JwLoJ ^lJl Lg-*~ij ^Sl jll ^ 4... m q .tll 3L« 

jl dJJi Jl iJuil .4j ^kJl 

jLoi^l jl AJLjajill joLJ.1 (j^W^ 

._bu jji jL^aJ^I jLsf ^ Ojj^Jj A^C-Lu-aJl 
l^iJl f\ AjjiU-l ^ Ji ^jJ ji ^^Ju V l-U 

JSy £jl jJl (j~^*J »1 ^j* ^ 0\ Vj «LLil J 

l 3,.Ij'? jLsf aj ^JiJl oJLgJ 01 jJ-\ .aL^oUj j AiJUi 
^mJLJ iojjiS" (__$ j?-l oL ^JaJ jLi L^jLi cl;%. 

.Sfl _j~J bJbt UL. iijJl j Ll^ji ^ 
^jji jli ci—jL^JI IJL* ^ ^ j-^9 jjr. ,_3-Lo L^_jj 
II-" j-$-*> i— 'j^i 01 LJ ^_i> LjJ j5" aj ^JiJl oJl* Ll j> 
. jj^»Jl ic-jw 2j jjL» jIp j*-Jl i_j jj_Jl 
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»b j-Jl ^ js^jJIj jj**sJl 4>jW 

LgJLs t^ljJJl »ji I-L«j » ^S" ^J*j. c-ei lil 
IjLJ. j^iy jl Jbu ta-bt J* 
5 jUl ^ ^iSCj Lc. OlOyL J^i .L>*JUil 

? t L*iJl Jl L^L-j^ 
viJL!i 01 ,_jj"jJ 0 jilS jL^pl Jt>U- ^ JLi 
L$j <_> JjJl ilaji- 5 ^&l e -L$J JajJ 01 JsjA j£jf 

^jL-J ^Jl iap j^Jl »JL*j .0/1^-^2 .11 ^lJ apjw 
joL-il L4JI £Li ^Jl iPj^Jl tj^sJl Ipjw 

^jpLaII jLi^l L$-ip j j>J ^Jl dJJj J ji S^jw 
^^LJ jLiVl »J-* jl LJ^p tjljll J L$jw» j jljl 

JJl ^-S" j£jl AJb^J^lji Julji jj^Jl Ipji jl 

Jlp <L>/,JS 2,4 ^L. (^jL-J ^ .aJjjLO jI jj. 
, a ^«->tJl ^k- Jp <±j/pi£ 618 j t j-JJl ^Ja- 
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^iJl p John Mitchell (1) J~i~. 

Pierre Simon de "^"^j^ Oj^m j__j 
a^U» gjJJl ) ^l JV^V1 a^L^. Laplace 

^ jidi oili x: ci783 JjVi 

0 /Jl jl aLLpVI UiJt V :(1798 
j*4 <i->H ^u^jaJi if\£ fj4 J^is j^. 

ie- j-aJI SjPjw» ^j» L$j»tW.* ^ip j^>tlll 4Pjv» 

6 li jjjl ^ (^jJL4l (iLt : (1793-1724) J-l^-. j^r (1 ) 

^ Ljilii'! Lui oi «JU^i ,_£uu .Ur jijJr^j jJLUt _, 
Juu .jjj^ijJl 0 jjJlj-- oL..».. ..Il j jJLUJl tUitjLi 
• ^j-^I J j^jJl ^ ^ ' rC y 
Jji ,1U :(1827-1749) _,:> j j& (2) 

j^ii ^ 1«j .c\jjJ}\j jJLUJlj oLjsL _Jjl J y*- ^ 
oULj—l «J oilS" t j_^Jjlj ^ |*l*Jl oUaii 
~*ija>j dJJLiJlj oL-ilj_^l j^ jLi o^-L» ^ cSjs^" 

oj-sli iv»u- t^jj^Uj ^ job uj jl .o^i-o-^-^i 

oJLiJl Ojx^j j _^Ji ^ J-^"Jl ^JJ £T ji J • 2-o-J-l 0 j£J> 
. 4jjl n .-ll HCjllxJ.I ~ ' J 1 ^ fl ; <L^L»- t (C-^Ij jJl 
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jSjc^. iaJLJ-I »1* . £>lf& 300000 ^LJ ^l 

o Jjk i_j JL>- aji jj> C-iij jl < ^ Jl> t- j*_Jl ^S- 

jJ*J c J-*J *b j-" J— J_P y \ ^S\ ■ __ Oj^ll 
' •' ' t ' 

.V» [s jj j^4)) (_j^ «jL-p L___« J* s >_- U 

jJliJl jt OliUJl Ol-i* jj-aJ Aii c_JJ_ ^jIp £Lj j 
L_i_- OjSnj Ji 0 j&l LgjjAi (__Jl »-Ll1 'j$H\ 

. L__p! __j^ L j"?- 4 
_£bj_Jl ^ jsjlJI o JLa JJ-j" (jl Ul jJ l._T Ji j 
aj-a j caJj^ ji- 1 ^JlJ^S L$J J-^Vl ^Ji 
aj_L_JI ja JU ^jjl _-.Vl .<_J>jJ_Jl <J >JI J-tJl 
o ^jsjjJl oJlgi c_JJj £»j .L_j ^LaiA^I ^ -^j ^_j. 
__->_! oL^JaJl ^ C^ljS' -JLa _>t L»_L_i J>\ 
__JLJ jf L_J (^ali o ^Ssi t j-jaJl _j~t*- <jt ^JaT.»" 
^Jl Ai JLi-l Aj J__Jl jUal ^i Jj Jjt ^ja j jJl (_. jjj 
.a_j_LA-I ^__i__t L$jw> j 
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5Lj ib^l U 

j^ JJ-$-k (ji/ 1 ***^ (Jj-iiJl 4^-^ OJLg-i 

j-«Vl jj-Lo •f-L>j 1 iJl OyjW-^r 
^Jl tCUaj! jSOi _,t) jlI&i iSglSLli ^Jii, 

l3jL*Jl 4,,,m;I| j t j.i-.laJl ^ oUii"V j-* L* Jl JjJalJ 

j^l *J >J . j^Jl ^ oLs-V L* ^Jjp ^ji 

.SjLiJl Jl LuUlAl lJj^J j J jVl Aj>i5l 

OjJV ijLS" ^jJl tS; i ,„;ll ojjj c Si-^ -i-iJ 
Lojs ui^L»- ^JL* tL$J j^Vl jjJJl jjLLiwjt 
a^Jl aJL»- y, j (1905) 5-^li-l a..,...mJI aJL»- 

.(1915)2L.I*JI 
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: lf jA\ JjVl J-aiI> 

«L,.,..,.;]| 

IJUj c, «L—Jl LjkJl jl V 
. jlSJ.Ij jLjJl ^ ^jJ-l U j3-^j" Jl L-LS 

loiJ! Lg. <Li 4*jLSvJL> jLjJl (^ 2 ^- iL-*Jo- i^—^ti 

IjLWl jL<il jj^ LJl 5 j/Jl f Urjt ^ LtS" 
LJ1 .<lU-Iju ^LiS/l iS y-^j L_TL» 

jli— J jlSJ.Ij jLjJLs t j ji*l j ^jdU-l LdS' ^ 
(_$l t^.SlWl L~Jj (A........JI ik-ai cJj\ L* j^) 

jl dUi j-» (_j*-5Vlj .((/V-jLI uy ui 5 ' j^ 1 » I— J 
!^wf J-^jJIj oLldl ^ Jjjut. jU-jj V jLjJl 
Jlj aL*Vl ^ill jL<il Jl >Jl IJKa 
oli 4*4 (j-<w» jLtJiiJ jUj^-4 L_gJl ^jip jLjJl 
.OlSCijJl (^Jj 4*jjI ^L«jt 

jo_«j>- j j5" <L<sLii-l 4 ; .i..^l ^j*. Li\ As>-\ ^JtoTj 
^ jjill 4Pji) j j>«.. a j t 
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11* ^e- jJjSj .(o/ ( JlS' 300000) <t~ij' jlJlliL 

Li_>-I (_s^ • «t j I jil-J^I Jp W?' W>'- p J^V (J*' 
j^^lj 0 jSw- SJL>- L_*-b4 ^jJa^-^L» 
LLaL jl jJbcll y <ul ^„??"l t4_T j>- i!L>- ^ 
jjjLLoJ :L o-L» jl L SiL— « ^^r* t_5^ 

-Li>-*>lil (_S Jr^ "j J^ 1 "J^>- J J^T jil ii>-*>Lll 

Jj«jL)) j%_aif 2iL-il jl <IS" j>- "JL>- J _> jil 
.(^jJl JJi J**) J >l SJiJ.1 jl j (iL*Vl ^JLl* 
LL>- J J-Jft\ jjJl* li^l ^ V L1 jLi-l j 
ji*_sj (jy- VI iji**' j^>5- jl jy/2J V I « v 'Sf <^r° Js^ 
^jJ) s- jJaJl 4Pj^ ^ "_j y £) y>JL\ ii>-*>lil 4Pji 

.(!3LjV»Lj OjLL-J jjj d-Ui JjL>0 jl l jil (_£_)_>__ 

jL dJJi l_JL>- Jl <WsL>-I <L_~_Jl ^j-aSjj 

aJSLiL ^SJI jl-a. :jbjL^ 2iLUlj 

£ Jii i_L-_>- £ = mc 2 : 4. » . , ..A ! L^ip jUil o jj^iJl 
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C.iiij .njA/aJl AS-jv £j jj> c 2 j 

.(o jbLl jljl jLjbl jjj^^^?- jl) A^ibLl i_jLp 

^bJlJ^a)! 
,Jl «uL^aI ^jjir.t-J <_ijvs c5-a^V *JL>- ^ 

4..,-:,ll jwJ njL.Jl IJl* ^ .2LobU jLw»l LjJ 

(IJl* ^ jlL- L4i tiiUail jl) S$lil jl Jl S^UJI 
' ' ' s ' 

*l_»_VI dJJJb l^wi L-jiL" jDs^jJl ^ O-b^- 
^jiLJ ij ji j bl AjJuaJ-I o ^Sol «Jjb^- <_£ JJl 
ioJLa ^jjjLJI o ^ j-J» jj. ^ ^ ai (^^J -J* j- 

^J^JU Oi-^l (ji'~ ut ! C>IS <_jLj IS" jj i.^Ti jl L/.i'..-»- 

^j^i» (.Lki ^ L£ oLlli" LjJl ™\a.,* jie- 
Ja^Ji jf u$Jl c-.^jL» lil LjJ Li" 
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^ yJr jl Jliil J_- JLc JL^-o j .L^LSLil 
2i%Jl jl j\ cl80 o J_^!J £ j^r j-* U_j j 

c27t j-» J-l ^ SjjIjlJI oJl* ^lii. j OjJIj Ja-ji 
<_£l t<_£ J^J ^J-L-j ,ju ^Jj ^Jj ^i? j^kil J_l>- ji jl 
gr*j) ĕj*-' ĕ^lj jc- ĕjL^ j-* tbjjJj-i-l 

.(o ^SnJI jS"^« jjs L*jS" ^ jj^s ĕ 
4.,., , - : ll jjk- - y LjJl jJiJ; ^Ljj^i-l 
. jl-CajJl i~-Jl_t> LgJl ^jLe- Jj coji Lgjl ^jLc- S_»L»Jl 
jis- 4jL3jJ| oLtjji-l L$j«J_ ^jJl ol jL- llj 

j j£nj <j_*- (_£' '_r^~' jj-~- J '' 4 ; -.J/» j Ji j j_Kj 
Js> jj__>- y. C J tl_-J_>-j 4_jil_>«JJ 5jwsL?- 

IJiJka .jLxijJl oLjj_j_>- Jj 

c^jUI jL-lLi 

jV l^-JJUi Sa_0 

oJLa ^^j^a^J-Jj . | ^ r ,..n-,. t . J l jl jj>- o^jj>- jil 

^ILp ^L-i L» j\ jf~ ^jLc- L^Ls_> t _r* j: - 'ĕ j-^-Jl 
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t G) John Wheeler >.j d ^ny^ ^j-ill 
iSSlil J~ Js, jlsOjJl jl J j-Jb jJl! ij 

. jojijjl ^ip L$J»jJU OjLll ^ys yiJ L_J 

_S j5l j jSnJ "V L»j_p AsjiU-l jl J-a^Ail j 
1 4 ■.,,..<,.,;. ll 2L.jkil ^ JU-I y» L_f t j.j*>Ul 
jjL>.t,.'jl 4j jiij L$Jl ^j&JJ ^gJl oL«i jJl j_i 
_>j-»«j J l 1-LgJj ._jJ jJ J— p L>$jIjJ__j ^jijj 
^l jjj" jj ^oL^j jLj>-Sn ^uu> j j^jl-Ul 

t^jjCj . Jl «*~.J)J\ ^ 'j^j\j \?,..\\ LgJjS\j t „ 
Jl _S j>-^J ^s^' Oy * Jjj^ _r* Jl-^i 

cJ_T jlj t^^ji aSj ^jIp J j.J? -JJ SJljJl 4,,.,„,„:Jl 
jLU ^ *>_« JU-I ^__- o Jlaj .5jLjL>- ^jjLi-l 



_J__Jl j ^a^: JLjA jILp :(2006— 191 1) >._, j _^r (3) 
jLsf _i L__ V tojjL oUlj-J *J ___" __j- "Lj-_U 
y £___} ^ Jjl j_f i^JUl clSj^Ji jLL_jVi 

5j jI_Jl ^jj^ /jj-J jl J _}L-_) jj__jI t_£-lpl • ja j_f 

.4__Jl 4j._,l_Jl _1p___JI ijj- jL\ 
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^*.* rJ\ ^yt 4jj» iS^y. <J^\ s-^ '-^* ' J 
l-Uj) il» j^U^ relativistes aL^J jljl ojJ->- Jl 
aj Jii 4>wj J^jJ ^Jl -IJyL^lSOl y)Y)\ y 

. ( t jjl"..t.:.;l 

J^, ^Jl ^t— ^2J C«b jS jli-l 0 j^J LoJLpj 

f">lS0l IJLa j .<UP JLst V I yl <Ul*Jl <u~JL. 

(^l cjj^Jl ^jjIj S—ljJ ^js ya£- y**j ^jip 
" ' ' ' 

(j^Jaij ^JJ L» 'W>- jJ y— " j^Jl _jl OjLjj^JI 

ctta jjUl t_j jiiJl <u-lj.i ^ \j& j c^Liil IJL* ^ <tJl 

.<_jL£JI IJl* ^ y^l jlJ^ L$-Lp ^JI 
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*b j~Jl j&JlJltte j~Jlp j^^o* 



_1p jjgMl J,l :>j\^Vl t___Jl ^ j^-~« ;>Lp -iJ 
. 4J«L*Jl 3 :: ,-;ll o^SUti (Jt^*- j^* jjp j^ — 
:> jip ^,.^c jl L>ljJ jl_T il ^ojOJ <>:> jP cJlT 

*" "* - * 

<_£ j]_>_ L~ -_£9 J,l sLjjiJl £L_Lp J-i JJ ^ s -' 
(J,Jj pL ,,??T. <j (jyiLiaJi 4j J_Jl oJl* 4_lp 

ojLp jl ^JuST > |J_n__ .LLaP ">lic _JJi> Ji-C 
_1p 1968 (-Lp VI jjJI > : ,1 0>»Vl __~_Jl)) 
jl jl j^Il t _JJi> (jP *>L-_j .^Lj j y>r 
A-«L*Jl 2L__Jl 4j J_Jl Lg__u_>j L_r £li j_Jl <_j jj_Jl 

*b j-Jl ^ js?_Jl _,p _j5">L_-VI J-il 2jjJL_i tLil ^ 
■^y^y j J-^~« LfLP _-J_£ yJl 
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jL>LijJl ^"yu *\j siLiS' ĕolil oSlj LiS' 
i_$l t^jLSjJl oLjjjA-I oljL~i L / J j-*-' '-^J 
^Lias>-I LjLSC/Aj jl jj ./?t:J .oIjjjJj-^-I 

toU S.t.m 

J.-..--;.,-' t2iLiSCJl ^j^» <Lip jjLs7 Jjuj . Jjji^o 

^jiSCjj oL jjp j~i-l Jj^jtsj j 5 *^ jLSs^jJl ^^jjL 
(oLi jJ jjUI <_£l) «. j-jaJl oLjj^ jl t ±wo5oj 

^l l_£j .i j*J Ol jL a ^y"'" ll ^jj?- j-L^J (^j-J^ 

oJlss c-Laj jl jil ^ j ,/j ll jLSCaLi jJu . - ■■ ll 
Jl ^jj! Ji jj^o! li jji La : »1 ..^ ill ^ 4ala.;.ll 
2uL»Jl 4.,...;ll ^..^a" toLta i_JL>- U j^- jjl 
oiLi-l j jS^j t5j>- _p-l JjjJl ^ Jj> 4jL 

j> L^jLr jl ^ (_$! ^Wt ... , ^ o-^j ĕjiJl ^ja 
j jSj liSsj* .4jli Js- j^->cJJ jL^Jl ol-t>-l 
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e/J j~Jl jiilljle-li j tipjtjjlj* 



^jAj tsingularitĕ «ilyiJl 

> - ^ e e ^ ■* 

4jL» Ju£ i_Jl; ^JSs t^y-io <JjLo jL> t^yy 3 : « ,. " 
^jip jJLaJ "V JjJji 5^*3 W>-i' ^*' «Lj^-iJl 
.U^VL_Jl 

iw-ij (Jl ^.igii ^^Jl <L>- jJ-l <Li*Jl j_ 

^UJo ojLjij L j^p L\JI jLL_ 5-^- j j-J 
^ r l W . ^ I ojLp j^aj t <4, Schwarzschild JJL&jjljJs 
JjL5" JliVl ^LiJl ^L^iJl (iUi LLj^" L$Jp 
JLJ-I JLc 1915 JJI gjjjl .JLLijjlj-i» 

jlSs^j^l oL> ^ 2UL*Jl 3,,, ;ll 4j ^laJl 

^l*jJl IJla ^y^ji j .(» j>«Ji -L-»-V oj_jL>J.I SiiaJl 



^Ai^' Jlli :(1916 -1873) Karl -^Lijjl>i JjL? (4) 

JLS"\ _■ j« _j>Jl j yiLUJL o _/<-*» -L> Outi . A^lill «ljJ_jiJl ___i 
JLj CjUJiII j^-il _• ioL-JsL. ^Jl ^jLc- 

J,_il916fLp t JJ»jJ J jl jLf Jij .ji* ^jl — II 4-.Lp 

.4-jjLi-l J _jj>- jjLJUjjI O^-jL»-» Ja- 
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3 is jLu j-*j '^j"^' y^ 3 y ^i^**^ ^JbSCj. J— — 1 

jl LpJiL» Ljt-ajj jJuy IJL>y^ . L j~.o..,t.ll 3jL>- ^ j^Ji" 
I fl » ' jl ^lajji J j-wl i_. fli (_^l ^J.. o .7. ll J j>— ' 

{_\J> Jli tJJ *C J51 4l_T l«J ^JI t ^jVl U 
jVj .l-~>-lj I y L^J jjL>«JLp V J-Lijjlj-i 
Oj-^Sjl iill ^j-» — ^j^pJJ ^jL^j ^ JjL 
i_. 5:ll J^-l^ uV. J-^i J^' — 'La <jp 

jjt t wjio^-^i jii <i_1p jlkl j t.U-1 I jl* . jU- j 

^Jb>oj t*"* 1 ^ J - *-? • •^L-Ajjl j-i ^Liti L^pljti 
J-^sl jJl 3_«L7 aJL>»_j jI J_jtT..._ j j>JI iiJajj» 
sJL* ^ J-JI 5JL»j (_$l ^iJLT jJLo 4jI tLgJL» 
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*/j j~Jl jit!l Jj tb j~Jl f y)%Jl \j* 




JU)|Jb-Vl J»i ^JJl y^l ^Js jj ^xJ j 

J j-vl ( 4j (L>-lj (J"*J*i - Ijl : .. jj ..rt"' (Ijjb 

, 9 
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jl { gjl J^-*-* jJ-' t -r J LS'j • 4 -"- 4 *"'*S* J , "LsL—» 

_• j_-VI i Stll jil J-ils JLil s-Ja-j __j j-_L jl.,,,.,11 

j_uL<j .-Jaj-J Jl <_Jl y>Vl 4j ^Lj jl jj.i 
j/jj-JLi- jryjLij J__3L_Jl Jl_»__! jl L<_jl j»_^J 
Jlp -J JL>- V V jJa ^Lj jl Jl jo Ls j_Tl JU£. 

• J* VI Jl jL-II J j-_»j 
oljLiVI jjJ ^ j-Ju _ji>u t<oli jVI 
Ljj jj jj_Nj jl J_«_i :<LS' jil l_-L_l_j ^Jl -JjJaJl 
I«j iy->-lj tj_U_»li tj___>-l jwaj tAjlJ-Jl <-5jj' 
_JL_-5C_-_VI c->lj_! jj^ ^JL Jb'Jup .L-Lc ^&>h 
L. -__iVl J-__ ^ oljLi^l Wi:lrl )-\ j 
(j^> (%j -jj-jI jJl JLkj ^ -J ttl j__J-l __-*-- 
Jj>r _.l_C _Ai tjL-Il L-l .L-Lc oljLiVl 
<ul_____,l o__>_> __i>- j-V' - jjL4 ^yLc- vL' j-* 

. ._■! y-jL j» j_S»J.I 

^y. jL—il ^ja 041II <\JjJ_Jl oljL-V jl 
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c-jIS^j ^j-Sj jry>-j . 3jpL»JI olS-b j j5^j L» Alil 
jjjjLL j^Jli coljLi^l oJu> iJa?-'>lc. kS J.\ 

^ csh re^3 (4*V! 

ti.l*Jl 4~~Jl jjJiL* 4 y>UiJl j^jjl jl jLMj 
j»j>w? e i_5^ (j^ Ujj\SI LoiS" Uaj ■^JJ ^ji^J ( _s*-' aj *- 

^jlni cJjLLLLj .wLili J-ii ^la-j jj^o jL— J-l ^ 

i_uii5l ^ i? j i ,.. l l ^yj ^A, ^J^S t jL— J-l jCa 

ISIjj! jAj c^LJ-I j^jJI Jljil ^ LLU*ii jj^^l 

> ' * *■ 
.^>^Ai\ s^-iJl LLj V 

a ytUs ^^Ip ^iLLl jl ^>-^l a jLjlj ^\t./t\ j 

L^l .^Vl OjUl Jl ^Lijlj jL.i M.ll s y^a jou 

^ysLi-l ^jJl (jy. (Jji ^j-» '•jjsj U. ojiL» Sj>«-ij 

^jJLc- s yblliJl sJl& ^j^Cj .ykUiJl ^jJlj 

.iS y" ^ I joJ j ji!l jou" JXJ-J : ^Vl y*A\ 
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UI-j-Jl ^-JjhSl U 

JU-I oljlptl aJlP ^ yjl i^I^uJl ^L^I 
.aJj>-1jJl oLiJl ^ jJ^J ^lJl ^-JaUi^j ^^SsJl 

obljdi j^l ji ^'jii Juui ^ Ji^^dij 

j jJJl 2_^>. LaUjI ^jiJ LJs ^i-aj J jjVl 0 j-Ul ^-f>- 
j* jJjh jW-^ J-* ^.-y-"-: «-jJaJl jl .j^=-Sfl 
tJjjVl OjUl JiUaj oLiJl ^ oljlpt^l 
-L*J* ^jLp ytUiJl j^jJl iJ&~\ jJl oLtJl jf lc. 

V i_JiiJl ,jjl JLx^> ^Le j . I j^ I 
ili^ Q*a~ cUljLi^l jl (^l ^l 



4j**j\* 



«.b j-Jl jiill ciJL»u j»J 

-Vi ,^>»Ji ji lj > 
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ellj~Jl ^Jjiiil Jl etlj^jl fjW jj> 



Vy o ;h ^alsu IJLAj .(.jjai\ 4Pju< 4jjJ jyrd\ 
i^Ja— Jl ^Js- Lc. aJoJLi t_jJl>- aj\S J j^- j 

^L«-i jj^C jt ci^jc» <LLf (^j j»j4 jJl>- ^ c^t 
.^ji^j Lc. I |»-5;tJl l-L* 
t^y «Lj iL>- jji j <_jL->- aJLojo L<>j j 
^ja L»\S jJi ^jip jjSC ^UjJl jt LJ ^JaJI 
jl jJLijjlj\i ^L«-i ^ ... J3I jlfT bl Ji.,%i\ 

W L jLJ 

uiiy^L* jtsiaj Jjt^l J|* jilL-AJo Ji 
jLi L^lilS" jl Lc. ^jAiJljj) j ji jj ^ji; Joj ju 
«•b j— Jl jj^-Jl <_S jJ L$— jL> 5j>r yLl Sjti^l 2 j^- jj 
dJLLil IJL* *J jL> jl .Jl cbj-Jl i_j j>uJl <^JJ j 
Lajs j ^>Lp 4j>- jj j»JjJ 2-oL>- jL J-g->-l 
j^JJ jjSC jt j^i. il S2JL-J.I oJLgJ 
J^Li-l jJLijjlj^i ^L«-i. ^ yu^t £^Lvi i j—Vl 
<L,.,...Jl LLJ U:.; tLL jJJi <LLc- ^j-SotJ ^tj <M 
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^j .41» ^LJ» V 'jW^' ^t- 5 ^' 1 JLa jLgJl; L»L*Jl 

j»-5^Jl W .n ^jji OtjJkl tljlj jj jjLSI jli c ^>-l l JL>- 

iikdl ^ jl JjLi ^>t,..7 jjjyi 

olJ^-Vl (jil JjL-ijjlj-i ^L«^j coJb"*i! 

i yu a^JIaI oljl—J L^LJL (5^L>Jl a.,....-Jl ^ 
J y*j ^JjLo- cl J-Xjb ■ -■ ll 2^j*- (_£ ^>-l 0^4 Lgj 
jl iki^ j»->Jl <.i..».:ll «• j-JaJl jWLiJl jjj /^» 
.jt->^Jl j-» i^^i ^-^ij* ^i!—- 4 -kJkill .i?rjj 
V jL S^LjJI 2,.,., ...Jl ^-/la" ciJJj ^Ja.a:!! ^^Lc- 

j»-S\j»tj tlj j— Jl ^ j^i-JJ j j^rj ^ jl j-* 3./?ill o-i* 

< . ; .- ; ■. ?« 

^jL>- c .S.'^ aj jJaJ ^jji i ».•»»■8 ol ĕ L^Jl 

X^t^-j\^o J jJ^>- 
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?eb j-Jl i-J jiill 0 j&j^jS 



l_j jliSli 4-^JjL!I tL) j-jLSI e.L_lp ^Ljj&I jl 
<Lljj (J,l t ^ «Ij-^il ^j_Li ^Lojj&l j_a «Jj j_*Jl 
jj «cj jil)) JajaJ jl L_Ip t^» j^rt-Jl cjj-« o jAlii 
l$J Jjjj" ^l ^ 1 ^ 1 (Ji ^y-i ^.i ^ 

d.e',~ . .■ 1 jl Jju jLjtoJJl i_ji3 j_j (ji>- f* j><-Jl 
p4 ^j-^jj --Jji^l Ltolj 

^ij -^jVl 4-i-_T L-L-t SLjUj-i' ^tJ- 1 

:aJjVi SiiSsJl J^>^ cjYL- cj^C j^j jt^^cll 

CjI y> (jUj ^-^-til 4j_ir j^Sl j j_Cj" jt tV jt 

j jSCj" jt ttjli i(d__^<_i JiS' (jLi : JUj LS" jt) 

^r^- jr* >-^J jUi ^ }j5l 

^ja yS\ j jSsj' jt tLlLi i^_^_i 4j_if ^jjjLs-j 
(jr* <J jV' iJLA-l jl . 3j__T (jJjjj-P j ^-^- 
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j yS\ j„^a;„ u<r ^j\ p _jl>- 

jl jLL-p^I Jl jj'I _JiJl J.T .. ioLi <^-> 
..> > -Vl ^-^ 1 ^ 1 ^ 1 

~j]js £j\ jt- SjLp ^ jl 

.~\'yh » ^LJ-I \ g ■ j J*=**j L» j*j tojL>- oljLe- 
^ jl ji-\ jl^-aj^l ^ L$j" jl j>- j-Ua> jLi j 
^ j>3\ J^-Ij fljl jJ-l ^rj^ j j^j 'uSjjJ' 
c4jLiii-l jv»Li*Jl ■ *__.,. : :>tj o-L__Jl 

oli jvsLp jy^aJ J.J, . l l ji jj-L^Jli' 

ji ^..^T^j . ^jyi^^s^y i ji j jj^Jis' J-SjI 4t ; ,w 
tjyj~ "iLyi aJbL» oLis - jj£ luMpuji oJi* 

^jdJ cajl jiA jjlj C-J^j -Cj 1 ^' J 1 ^^" 1 Ji 
jj jL>«_4J*>U "-s-s j*-« j jOsJ (^Aj ti-UjJl ^ j>--Jl 
LgJL_f- J-«-*j ^l ^j.iLi-l JjuL J^L*-Jaj*>U jij2j>\J 
J ji!l 3 jjLyf . L^jI jjs^l ^.Jiiiii -u-uLi c-i jJl ^ 
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t jjl jjl ^yt "JU- ^ JL>r JJ t^ii jA ji^«Jl jl jil 
. A) jjuL» jjl jjj jliJI rt» ,j-> AjiLi-l A_3 ^^JJUJ 
}%auJ| jl jL^aJ^I O^Uj ^ Ji^-^lj 
t^jJ^Jl^ jil jjj ^Jli) jiJt jLrLir^i^il 

jir ctejj-^i ^ >vi j* jiii cji^Jij 

.AjJu J> ojl ^J-I <l>- J,l j%Sl ^L-j-I JpliJJ 
J^Jaj L$JL>- i_ul _fi p ^ ^ jiJ ^jj^Jli 
^Jjo LJwLPj .^jJ-A Jl aLjj^-j ^j>-jjJL^Jl 
jJVl t->Jj£ JL«V ojl A^-ji Ja^jj Lj^r jjJL-^Jl 
. jliJl Jajws ^ ^o\jjtj\ <UP i Jjo <_$ jJl 

oJ-£ jl oJJ «LjiUJJ aJJJI ^2j* _Jl jjI 

* _.**.' 
<_S->jj o-~»_j '|»->«Jl s-^* Ls-zia"j L^Liil 

jL$-«ajl JjJ^j jJJij. «jl jJ-l <L>-j^ ^Lijj' (Ji I^A5r 

>vLj t<u~ij oi jJl ^jj . j jj jS" Jl ^Jj^J (* jJL(jJl 

* -* 
ojJSJl ^ LiL> _>_^«Jl i_Ji y ^jj^- (_<J' "iUaJl 

.LUl oLaJaJl ^Ji J LJjo^j *_LiJlj 
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^giSJ, U ojj-S" ^LS" li ^-J k^jSJl 4-^* 'j^ 
. j jjjSJl jl g JbJb»- ^j^l i" Owb»ej (_g^J 

a jl JUJLi jj^j jl JusJ 1 i Li!l oL- ^ 

^LS" ^Ju-aj j£j2_ <bl lL~>- cuV Oli Jt J^ljJl J 

ij jl— Al I JL* JUP j ! i^JiSdl jU_.T,:.,Jl ^ ^la 
jjfc (JjJiJl ^jiniL; jLirJl Jaicjs ^JLj V lAiL^SJl 

j»jJL J\j tLJjjti* jjljjj 5-;iLi-l _j>j*j c5-Jl 

OL Jj^^l <J-jLC ^LS" J-^l ^ Jaijs dJJAj 
ijva££- ji-jjCj .J^ti^l Ja«^? ojLju aJI jLijj 
pljl Lj jiJ LjJ Jb>- V ojLL» clJ jjoJ^I <jJLj 
oiLS" jJ LkS' iAisji* l^jJb>- ^Ja^o ./? JS" 

.4_JfcLi« V 4j^>L<3 ^j-^Jil 3-ivS CjI jS" o jLp 
^j^J-jJl i_iVI j* CjIj^jJ- ^-Jij J**>L>- OJb>- Jl9j 
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?th j~Jl & j&<-if 



cJiS ^jl 4~rjLJ-l oLLkJl tUajLll ^ C-i*>U jl 
jlU c^JJl t( _JLS3l 3_^i. £ L"l Li%" JJjTjSJl L$j 
j^Jl 11* 01 JU-I j .j^-j^ll ^jiJl ,»*Jl (i—l aJp 

l—Jo 4JL« Jji^tj L» tljyjj '*^!JJ ^Jii tiLljl L» 

. j£\i JS\ o j jj 
J^" JLJ JJVl ^jip lSjLJ (v4 ^j-a^jj 
js-^Lij jLj-aJ^I iMpLij JJ>l ta^^i 

:0jj jS" Jl ^j^-J f J hiW^ jLj-Ajl ajjL^L* 
t^jtsjs^SjI Jj 0 JHj^' Jj^^d 
t^jjj^oc* Jl 0 jhJ^J < JjhH J>! (Oy^-^J^J 
fj~~J~Jl JjAi I j^-lj tf j~~L>* Jl f jJ ^iilj 

LjlTy ^ tjii jv*LJl cJlS* LJTj .JoJL- Jl 
I *jl ig (_$^l j cLLJ^-j Sjl j>- -Lil oLLl» J 5 "-^ 
^ Ju.jJ-l JSJio j .AiLkJl Jil JLoS" jJj^ Jl 

V ojLj ..ai I 01 ti^- ,^5^1 Jl4J jjliJ.1 IJl* 
Jolji JojJ-l <L>J 0J ti-i^-j .a5LW Jl jj^«j 
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<^ikJo\ ji-AXJ JlU Sjl <L>-jj jli tj%->«-Jl i Ji 

tiLolJj L«jLL« ^ jliJl t jS^- J > j' jj- 4 

. <U~L ^Js- j^JJ^JJ /^JjLS' jLgJl _JJj tly>r o-jjx~s 
' • S * ' '« ' s 

Jjt4 «UliSol ^j» L>- jj aL>_» iJj i_^jj_l SjLc. ISIj 
j > ' t ^ 

LJ jVl L^jIJj^ J,l \'j>dj j olj JJl <_s jj 

tJ—i-JaJl jJLi —Us^-J . oLijyjjj oLijjjjJ ^ 

SJjSO oLi jj^SsJ^j/l ^^al ./?:»Li oLi jJjjJl ^ jU 
■* < * 

J^UwaJ^j/l J-^?ljlij .CjLijyjUl ^j^» l-bj» _JJJLi 
Lo.i cjLijyjlJl (J-Lojii jl J^l ^Lkijl *>Li 
^j\s j jJL. L*jl JjJ aS jU- 3Lil±S" AjJji 
toLi jy jJl ^jLc iLL*- ^l »JLfc jUpj ,i_-«SCil 
i_a9jj J">L?_il Ui . v» toLi jj^SsJ^I jLi LgjLi 

jlj>_LI (Jl LL>Jj 0jL>- LjLSsj. Jglit.^i^j/I i_j<J>-j 

li jjjj j^i ^.L....c. <l1p W J j^Jj _ju^p 
_JJJj lilj .j^iipS/l ytLJ.1 jl supemova 
jtSl ^yyW i}> Jc—i ASsj 1 ^JJl tJgljw-iyi 
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tiii^s-S/i <s y>\ -^-\ j*j ^ <J. -t- ■•"■j t>* 

J">U«i :dj&\ J SiUaJL ulilj 
-Liv3 J~*Lj I— «^L^ li y y. j-i»Jl ^ iJj*>\jj 
jl ^SjJ) 4.a i ..A.,..J ^l i"y>yi\ Jj^ai\ ^Lti^l 
SJiiljiil ^ y>^\ ^ «Ut^Li ^j* S^>»Jkl 

j^Jl ^Jb V LijJ^j-Ul jl JU-lj .(biUr 
lj ^ui\ JL~4 j t J*l jiil <l.lĕ}\ jl il ALitj 

(_jljCj . jlj^ejtj^l Jjt) J j>- jjl J j - ' - _ lOUjjjijill 
^L J| LgJjj J-^J OUjyjJl ^j» S^J ^S/I 

(^l iljL. y\S jjj£j<}\ UjJaS jjL>0 ^j ^jJs j j-L 
^»yk\ f-><^\ J L^iiLiS" J jj>j L^-i «Slll 4iLiS" jl 

Aj Jij oLiL^>- J L* * j*js ^Jaijj 

^jLSj jl <U-*jj. ^j-J oLijjj jjl J^>\j>oI W* ,,?> jl 

oUjyjJl <_£:> j*j>cJI sJjS" o_jL. \'*\ ^iLi-l 
ilr" _}') - "^ ^Liujsl 4?>\j j^j ^ Jil 
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aJt* jl wLj . (a... <».a o}C 

L~«->- Jj jiJ sJji ^JL^ LJ ^i j» _p^Jl aJU- ^ 

jl aJU-I o Jt* ^ ^ALlaJl j . 4 ,„>,,» ,i aJL^S" jJ^c- j 
i_g J jl .. i 3ij ^jta j_i 3jl (_^l i«j J 
jUoiil J.,--. (__f?JUl j?U„^;' J f l j(jl ^Uj>L>JJ 
J*>U- c j j-* jl-Ul -L4Ixj i ,. Jl ULgJj .li jj ^.jJJl 

^ yw?l ^L«-i L_J a £ J^-i -L?tL! ^ jj>«JI a Jt* 

o^Vj ^j^-m tJjLijjlj\i «- L*-i 

2Lj«Jl o Jt* i^ 2 ^ 0\ L 4Jl Ljajt L)l j Jij . 3 j-J 
Jj>- jj ji Jl J-^ljl; j ^liijl ^ . oT .- j ^jls- 4j>- 
2^*>U- (» J "< J - J/-"' J 2 Wi>„^;« LjIS' ĕolil 

LiuJ ^LSsJi 4JL;>* ĕ jjjy- Ji^l ^Js- 2.L" jl J jiil 
O j-» ^j ub j— Jl <L> jiJl ^j>- jVl (^J-P Lgjjr- 

.A-o^wJl ^ J^^Jl 
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L» (. j - "^ tUiljJl aLiJaII ^ jJ>«-Jl jAv2J 

LgkLL ^Il jj-^Jl ^ iJSLi ^Ji; ^^iSCj 

L» jj>«-JI 

jj>«-Jl L»l . j^-" a j^d V I j-«l L&S (J* 5 ^ 
01 jj-» L>-lj (.Juujsl L* j jjj toLjjj jJl cjIS 

I g ' aj^-S" o jl ia.i ^r^^J-l ijyJL ^j^L-» (J>jd 
.^sL*- £->LW oli ji^lj ^L*- j» jJLaj 

?4ias-"}L« oLLaJu ^Lill (Jj ^jjp Lfcj j^tj ^LJI 
> ij^l S"^ 1 ^ 'j^ 

. <L~i jaII j?r jj ^--^ ^j^"' t L«Lc J jjjt» 

.jiiL-a jjp ")V5sJj Jj>«JL) jj fl k>; jil ^-»S/I JjLcj 
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j\fLla&\Jfi\ j\ 
«•W^Jl f.\i j_Jl <-> jiill ^Ut» 

£_j^>- C.«./»jj? ^ji» 40UJI ^,.,., » : ll jl 
U0b*-l VI ^ii^" V ^ col^Vl 

tlJlSC* .J, jt 2u jLLkS" i -L«::pI ^ jj^ 
ijJi\ ^Jill jl J ji!i ^ 

'(j^J^ ^ JU*— «Li 
LjJj .£Lil ^ja <u Ja^>tj L« ^Lc- i_jJL»- aji (J^jLc 
*_Jjl aB" J ^ L^JL^' ^dl cUJ attLr LoU- 

^ AjJjL* ^jLp 0_b>rj lil o^lil j .Lfr J j— <Vl 

(_-$J jl , l * ., : :,.. J ^j tAJ-i->- ijii Cjws?- i_ — a±Jl 
J-*J tAjJ j>- ^ LAjw^» 

^Ui jU jSjJ .<c_j.iL>- |JsUJ j aJU>-^l <_Jiill 
(<u (J^Li-l jLLsjjl^-i <£Ui j_sl) _ j-o-Vl i_iiJl 

i a:ll jli jJJ ^j t^uL-T jJjji> JjIj^j ^UtA jj» 

S.Ul cJaiLJ UlS" 
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j\\ i>\ >ji j jMJS >Vi ^-J j) ^ j 

jl .(o-Jb>o Ug« l^:f,fej I g -Waj ^ V (jJI 
i_j jJiiJl L! jj-^j jl (J,l ol : k»ll o JL* 

.U p\ SSlll 

^ <Ll5' }'yJi vl~aJ ^iJLjj L»JLP <bl Ji>-^Ail 

i£ j>- j i_JiJl J^-t^ J,l <_£ j^ s -*-* to^Lil 

J j^- J5\JLi iijyS <L<J>\Jl C-jlS' lilj .AlJjJ 

i_j ^«JJ .^«J^asll J*j* (_s*— *^ °^->l *LLp i atll 

oJj>«j L<_f SJIjL» <Ip>j I gl» jJL» tLjl oLLI oLjj^- 

i^JLJi ^jJ?- ^l^jji) . 4j jS olS"L$C_>-l I ./?»; I g ./?<; 

'c^^ 1 i> b 'j^ 1 ^ ^ i^j ] 

<L_il J->_i ^ t j -y- JJ oL_Jl <UP ji^-j ^LaJjl 
jl _JJ_ J,l i_J_J»l .1 Jj , ..j <LLiS' a,;..* 

j__>l jL__o LjJU-LaJ L Ulp ^>r.h:\\ ^ys\ J>\ 

<LjLS\j i atll j-pr j jLsJlj AS jJLiil oJsLil ^ 

oJsLll jl Ji>-jAj j\\sj .^jo ylll ^ oJ_«__U 
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l\) -_...tH __s j^ ^ V ^^--iJJl ylil 
.j^iJl .(a__ ^ ^ jl <u£_c 

«^l^Jl ^ ^liSj» jl "aJIj pai 

^l ^j-ijil JL-Jl fL__Jl -Jb- J<L_J 
aiity -t->M l_jLj ^ LpUI Ulitj c^U-l 
j^l ^«otl .»ta j__Jl __-> jjLill (J,l 3j j___il <Lu,..Jl 
ja J»Vl ^ OiiliJl jl .-JLil oJut ^ j__Jl 

. Lo.iL>- 4_2jIj_« ^ljjl _^ jjlrTi J jJ jj ^jJ^-Jl 

. jl__jL_- ijL-L-T I n g I ^j-» L-Jj^ L>- j j jj ^"-J 
> 

I i^.-j jji^j /^j^l 0 jy j-! j j^". " I ~ ^ : j j^^Ls 

^*-_»Sfl ji-^-Jl j.o.'.. I ^ :.; l.i j_vl t____j j j (g ^ <UP 
.-jj_* J£sj JprjjO-A 4jj->-J L- ^-J-sl- ^ 

£jSj -jLi J\ 4__>_Jl jl ^jO j_^> ^J.1 J»L--_Jl ^ _2-i-^\j j 
jl l_JJ -J ^-.....-J Lj y -iL~- ^jip J_-Vl t— -tll ^ 
L» jLpjC-j .__J-Li-I a jJ |Jj ^la ^jjP jLiJl Lg__- ^j~! 
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?i J^/Il^jjiljj lj&J* 

.^uSUi liib 

cIjj^aJI jIU JL*Jl ii^Mil jjiaJ- ^j 

^-«^rJl <_£ji <->i ojjJLir. ^^^J (2LSCjjjJl 

t^jjl J j^- ^JJ"*J lii-i iJLjk tJjLi Jl 

tSjl^P "Vj .^J^a^\ ^ji «Jj^- J^-^J <^JUl 
OjJnj jl ^j-L- 4 i — J ^Jj J J*-^ cS^ j^-^^-il jLi> 
oJJUJl 01 .Jj--Vl 3*ll Ji» Aiii 3 j.,ni\\ jA 
UjjS" J JLJLiJl ^Jl L^JlL" ^dl <j jSi\ 

'^y^ JiJ* <y jil j-p t^l 415" ^Li ^£ 

.^g^J^Ul <»-Lij L^jLL ^jl S~tV:ll ^jjjjJl 4ff jjJ-l 

^ju j 2Ll_iil iLSsJl ^ju 5j jLL» J_Lf- (jS-jr jJJi J-«j 
ji I g ,lp J-«-^ij ^iJl <_£ j-^Sll 4j jJiJl ibSCJl 

jl jj^SH < *ill ^j^r ji -i*jl ^j^"' J "-^-■LjjjjjJ 

j : : : ..u))^gjbiJl ^LlaJlj J ./jTi I « : .a.< .o.i j^- j ^J-ju 
I JLj d\ d j-i-jl jJl ^Lku-l 1 1— Cygnus X (( 1— ^ 
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iL c l$il Sli&l Oli «b j-Jl cyjliJlj 

SjLjiS" 3 : ; ; ." oL*Jt oLL^p Ju^j LJsjI JjL! 
^ r l W , /» ! jS" y jAj ccl^^til ^/aj»-! }^ j* y 5-jl 
oL-L^c- 'jjcj j . 5 ti^ r. : Tl a^til sl jJ ; a jLkj aJLp 
jvaiil ^ olj^i (_£JL« ^^Lp sJUs oL*J^I 

JW2J iO-?xJ 

^ jJjLiJI ^yU ^j>J .IJl>- j*>_A-l s jJu^ 

iik^. ^ 3..:...Jl l*-iVl otij )J it ^SI jjl ?oL!i> 

JjJ J5" JjiZ-o jt cl^r jJ lJM ^Js^I 2Lw.I j^ 
AiLt* <L^« j a.X» SaPjAl aJL* 4_ijLi ^jj oJL>«j 
UL* OJb>*j jl j c(J j>-Vl kLUl Jl J^sj ^ 
^ ^Jl oJdl _JlLi 4jJui Jj j-4j J-»Li oL*Jl iJL^i 
LbjijLp Jb^-jj A-i— *f j^ IjjjLaj . LaJu^ j 
^ jL_xJl jijLc- ^j^ :^ g ; ; ; L>-j ^j-IpLl» JL>- 
oL>w»f ,J,I ^ (_y*Lj _^J t< — i j*Jl 



47 



^LL.yi j >b ^yt tf jj j jSC, t a_*_»_di oy_"i 
jj.i..* jl\ jlS" lili li_C* !^ jiJl l$Jl : 5JL*^ "V 

C41<lj-Ji 4_jLSnj Lx* j ji Jj»j 

. > :.->- Jl L_>- jj-_*-jj 

jl (Jl J_-J i_JL>- ^ j__iJ jl Lj ^>-j 

jljC j — CjL)L«J^U SjJUkil 2___T 
^ - V— ^ oljLiil J ijy_All 

Jjaij <_,J_I j-«Vl cLg___r_>- J,l L-Li aJ_L-> -J_5' 
t__j jiiJl oJue> jjj ._ j_»1 < "i _■ jprj * 
iliSCll l_j1_)) -jL-j c4_">U_c!l -$__-*> Jl jJaJL) 
((J^jAil)) 4_L__j jl «supermassifs)) «aJ-L^JI 

.((galactiques)) 

^JW «b j— Jl __j jiiJl jLs- j> L.S' -J_> jiiil a_Lil 

11? .,<■_ (_^lj t4__>W-Jl ^ J^^«_Jl jLl Xi\ j\ jj_N_J 

>.l_ j__Jl i_j jiill)) ojL*j 4_. ,i:ll i__jL) ^jA I g.Jp 
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?J j*> /t__/ 4JJ j J&iJ* 

C? >4 ^ ^1jjjv-Jl 0\ J j-!l a j-*» .((4io_>3 
ol jj ^ tSj5 _J.I J t_-i_l i_i jLdJ ^jLp 
_jIj>J>I lSjj")) J^b ^-"^. Li L»_<L« lj i _-_aJ ^J—j 
.JL, ^J-^j V 4SL-JJ ^-Jj ((4W,.t:ll 

4__T ^Ij j j_j! i__ij m 01 

?4...,..c.,.:Jl JiSJl tijJL. 

_j|j>J.I l_Ji jl J* 4_X_il _jl jy tjjl Jo-I 

j>_ LajIJju ijyS 4jl_Xj ^ jJTt-Jl ^J^r JJ | < - ~"J 

.^—o— tJl i_j L^—sl—T 4jjLL» i_a 0 j^L* 

L^JjSsj 4j_f 1 g ^■^x_gl j ^ jJ?— Jl oJ-* j>j"l Ji-^J 

.£b j_j _j jij" <bVj J,l ^j- h ' »' j j>Sl ^Pj—h j_J^ 
ab j^ jil «jJj*Jl «^Lil J j> . : .,,- " i_j ji Jl oJLgj bl j 
j__i (U^j jUj jLpj (.j^- ja) L^_vi ^ 
Li jiJ jJ jiJ L^j_j L>_3 _ j»j t4P^_j ..?>"< j 
tLpjL_J V| ^sijj V «jy jj j-~J tji^Lj j\Sl £b j— - 

.JJJI IJjkaj 
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l£j*I1 ij->Vl «Lu5J» 

^ C.-.-.1 4pa.,,:.;tl ol^>J>l jL -jLLpI iJL* 
ibS' li 3 j-J LSJ LajS" y J* i£ ^J^ LaJo-j 
LgJ jSnj 2iJ jl ^JiJl 1 pU . SJLjL* 

^jip dJJi ^ JoT.ti L$_lSCJ tLJ^ Ji» c*j^L* 
ji^Sfl -Xi*Jl J*>U- oj>M -ii j .«OMJJl» o-Jjo 

^jj^jJI jl ^-jaJlj . LLS.J L*LS L>^>"- jS" ^ 

^r 4 '■(^* 1 J j^*" ^N~Ll*4 oljL— < p~**y 
Sagittarius «XI ^jj.jLj>-Lo) <dp jJjWI 

U:.; c^.j o-A aJLS' j jJL 3,7 -> <dbS" jJUU cXA 

^ju •LJLill 43L~il i_iL»vsl o jLs- LL^s- (J-Lcj V 
iJL*j .jL.jiS OjJL 1500 t^l 1,^— iJl j ^ jVl 
ikS' 3 j-J ii ^^Lo j-«Vl jti £L7 Ali jjuL 
^gijj VI c^-o->r „Ml «dLS"^ j»_p ^Jl ^JLpj .sJjLa 
Jlj^j jJuL 4jI-1?-I (jil ^y^" jj 'ji*^ 5 Lt— i 
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O^J^ 0?- ^L^Lijl 4iL~il \(.y>r 

.jIa jLS" Ju%> j\ l^.-. ^J lj 

Ijujl_J jil «XI ^jjjL^-Lj)) JS_1j Jj& 

_1p ;l -,.:Jl "a+ _,kll jl L_1p I jl ^jS- 

OjJL 250000 j\) 4jj-> 25000 >~Lj' 4il__. 
01 ^ JiL_ 01 U Jj^j 4Jli tej>al _p ((45 
!LJLp ^iL* jk>- eS' J^-~! V ((XI ^jjjL^L-)) 
^ ^aji (♦-*-*- oli tli j~* i_j jij JLa 0 jSCi ~— 
LjJl j^P c4,„,. o ,*ll 4-» jb;ll 4j _JiJl 4_?-L— Jl 
01 j I cLgj OL^l— j "j/ olil ,- a a-L-*j , 5^-^ 
j jT; , " > l l I.o. : ..,> 5 'j^j J-*J c^ j -o .- J l (j-» j»-*r H-" 

-IjLj cProxima du Centaure LjjJl 4__»_Jl jf 

.(jji" OjJj 40 <_-> t/>) VjJ» J-- - £0^ L$-p 
Ll_U L^ijLC ^Jl i_j JbLl s jii t_JJ_ ^jP *>L_ij 

c J jSfl (UJl L^jLc ^Jl _J-L" Jjli ^ jjj 
<_j ji_l 01 £»j . Ja>- j\ J^ ^ L_J? Lf 
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4_»la,..ll)) 4_ij L> Lg_« J*>*j i JL>«j ^--.t" ^Ij j_ Jl 

^j^r jjl Jl jPJj L> 4jL" 4jt VI t((4J jS" 

J^b __> jiJl JJJl ^ —5" jS* tL—i-l ^ 4_J_U j 
. j*>LjJl oJjb Jb-t _i j>- 

t)lS_jJi oiji jt 

L^jjLc ^jjI 5 jj1)I l)I jJLp- jJ 5_j jL>- 
cJlS" Li ^ty JiSCJl ^ tjji Ijot y 'jJ L. l_f 
___>-! jt ">_» tijwb>- jJi . Ig;,i J ./i a" ^Jl 2il_il 
L*jl-L* j_l ^Jj^ jjUc_j ^ji! jli toL>_ Ji..»...i.Jl 

I^cJii^l 

4-»L*Jl 4,,,-:ll ^.^ii t_JJj ^ ^..a.:Jl ^Jj^ 

iUJ jL 

*1<_»-I ^Jj^ (jJlii t _jL_' » VI L*3l-i-i jjUJ 

<UjJj ( j ,..o.,. iJ l 5__*> ^ i_,»,:U (■ jJaJl jV ^ -.o -tJ l 
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^ob" j joJl IJL* <jjL4 jf iJLT V dlS^jJl 

tj-^Jl 4P jC^j <J jjl CJ^Jl IJLa ^Jp jilajj 

^Ip L$_lp i_i .t^Cll jijj (I oL>- j» LgJl 
JJjJl S^ISI c_i Ji j^l Lao j^- j J^SyJ 4 jiiL* jjxJ 

iJ/!r*"W^ J^ j° Sj^Lw» jjp A^jLIkj <L»Lp 

Russell ^-J j-* .1 J-"lj_j Joseph Taylor jjJjLW 
1993 fU JjJ ojJUr ^Jp IjU- jJJUDl iA. Hulse 

. (5) jL4^l IJLa Jum. 

.Lj^ij! J ^s-i^ J^jA (llp (-1941 ) j -A! j_pr - (5) 
^-r' (-1950) ^-J> .1 J-l j - 

l-L-lji ojJLi-l o-L» jLj^l jU- -Lsj .ijjU-l CjU-jj ^ 
£j j^*j) jL-JjJl ^ l-L-L>- \& y I - g*l L "^l» J..^gj 
j«U J.-JI ^ -a. ijli^l IJl» j tC^j&i jjjIj ^jPL^il 

.4-OLi-l \J\ jj Js 0-L.L>- JUI 
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oJLgJ JjLilS" oj^^-l LjjJ o^I jj ^jii j 

olJL»-Sn ^/^*-! Ja*-^) jl Lu~»j\j toL>- jil 

^ ^bl Ju ^ V 

^ji-aj jL$__ul jl t.ij~*l i_~u J— 9 oLjyjj 
SJLg^ (_i_il jSol «JL* Ji» <LpI_^ jl >( jj.j j^*l 

j«J ^jj^ J">L>- j^) o~b*jJ.I oL^jJlj (Virgo 
<S*y. j* jj _/> o\ >j±fij .(Ligo 

A^aA£ Jl j (jjka sl4l j «-UajiJl JbJLC Jl Lj_Lj 

- * - " 

OL>-j\i OLil jS" jlj tjjj ^jA J .<Uta Ju«Loil oL4"jJI 

L_gJ jl? JjLSj ^jj-LaLo» jjijplji /y> jj$si 2ioL£-l 

oJL* 4jj*^j Ojjj -' j»jSQj«J .^LJLj^- 43 Jb Ijjs— 4 
L« jl j*5\J oii 1-1 — LgJjjj./?:" V jl — *j j j»lil 
Cj° ui^J""^ j L g -^i l 
1D " • '/• ls* j (J?-^ V ui^-lj -iJl J jl» 
» i.^t ^l j j^l^ JL»-lj (^JuilS" JL_*l>>Lj 
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SjLiiSsil 2j>- jil Lg_o. ^l K$Jr jJl 

Ajili-I oL>-j^ i_i-i>S' jl Sjjl^Jl oJLa ^jii7'i) 

JiS ^ 2jL>_~il oljLi^l ^jy. ^^iJjlJlj ^oJrl 

2j>- jil <»_• J-U2J JJl <«i jil jjJjsj ^ja *_ \~rS\ 
U. cJj jl t^LiSCj cjlji^l ojj> jl .*L_Jl 

jL t<b -Uj 

lSj^>. L t JJ jj. X^£- L$J. L\! ^jSnj j jSCjl 

.a jiii ol»Li_S'l ^ja _JJi aJp 
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aJsL^JI Ji ajLp £Lil ^ «.b j^jl jiiJl jl 
j> Sj-^Vl L-^Jl 01 4^^' (j- 4 

jjuo- j^Sri jr ot vi 

.i_iill iJl* jj^o Jjli il»L~Jlj j^-4^1 * ^ 
JSLiJlS") JjVl ^^^-JJ ">JJ oLill 01 diJi 
t>» yr*-^" j' ,>->Liil JiJ-1 ijsrj jl 

L*Jl4 i-JsLi-l oJla .Jl gj! l*£l jj iJjC jl 

' * X s 

ji>J V ^Jl ^ijj 0 j>t >_~»-LSl "JL->- *w2>Ju 

(«yLi J j»-VI s -a .l l J-J» j*Pj jj-J 

* * ' „ ' t * 

Jj L. JT Jl AjjLsi ojLil juSj\ JaiJ jyid 

. i j^j^I iill L^j -j^jj j~*-"J. "w»L>- jt^J 
Ji>- <_ijL)ti ^ a^JLc L ^ j^is <ol Ji>-">LJ 

J j—Vl — ll Ja^ 01 (jui t4_SvJjLl! c-Lij^iJl 
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LU 01 *>Lu dJJi .AJ5^iJ Jai Li^J 0L> 
^Uii Jl "'-J <,i.<h» (J^" ^ t^jL—o ^ j—jI 

• -^^' C-*^ (.s^ ^ 

i a:ll J^JiJ JuC Jl LiLoJjkl Lij%^ £l 

LbJbi oJjsi <__ĕ±5l UL* OLs tiijJal * y^S 
. 'jS' "V jjpLaJi Cu aJsjI- ^ laUa.4 

.aj LjLl jJ—ijjl^-i ^L*Aj ^LSj ^JJl 
ibl yiJl <L<j /jJio V OL, ^JlJ 

Jj l">L^I OJutL» SJLS" ^ ^Jl tAjjS" ^ll 

.ol-b-Sfl jit Lj4w ^Jl Ukll aL5C 
«jUJJ Lp^L.1 4^111 alj LJLTj 

.Lp-L*JIj Lo^wSJ s Jjfc C-olj 

01 jj^ ^Lpj^h Ja^ J> ~~>'J-\ 2Ji>JJl 01 —2 
j\JJl> UL* j . 4.»-aj J j>- 2 j*J^\ i aiJl 
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j ojL» y Li^UaJl j J.. Stll jj^$\j 

y>-^\ Loi jJ jj-*-** ^i* "ji jj° ^^- 

. 4^jlj (J jj*- 

IjlJuL» J^-ij tSJL^^Jl 4_>_iJl L«l —3 
^L-jLJ.1 Jwjcs^ ^Js- js\ j Jil ^Lojbl b 
i "7 ^jIp j j£*Jl is jJa^- jl _JJS i4_J_*jiJl 

* * * c 

4j___» Js jjj_>- LjL^S" j yrJiS j jw<l 

L$_« JLlww L« jLc jCo 4jj>«__Jl aJL* j^ 

.LgJjjtL» Jia-j j i "tlL Jkj^iil Ja-vjJl 

aJjLi-l oLJLJl LjL>- ^jj-jt L-i-Jjl I JJ 
. 2j j_>_iJ.I tb jj-Jl l_j j-iiJL 

4 - g * 7?jL_j 4___aj J j^- J J~"l '■_' 3' L^JJ J (_J-1_>-J 

"f 

LjjLJ JLSJ .<*J jjL>_.I jLxjV"Jl i_-J_L<- j yjJ 
L'jo~ij (_jJl JJ-wijjljJi 4wjJll* IjLI i_J____»jJL 
jjw.ty s-iiJl jLS' bl _-xJ ..jLUl ^bjwJl ^j jiiJl 
^iJl jLSsJ»jJl "-.J-l* jli . jljjj JL» j 
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oLs^Ij J! jllp Jl 4...„...i t jjS" S-^Jjj* ^ JLtjl «l-Ip 
^ j ^jjl t (6) Roy Kerr j£ <J j'j (^jJLjjJl 
jIjL» .^jjjNioJl j jiJl ^j^» ol ; : : T.»ll Lg->L~>- 
tj jjff jj>o (^jJl) i_JLJ! I Jjb J^i! j! La 
SjJjl jJIj c-^ -UJL (^LaJl 2JLJ-I ^ JS^iJl 
jwaj' 1<S LLc tVjLU^> Ijif S-bUl 
jljjjJl iS J*ij ^.kSll ^ a^Ll^ ^jSH 

i_..itll jl jtSl SJUJ&jJl LV j .L$J ji-jaiitJ ^Jl 

Jl tUaiJl jYi.hi t,jiVl J-jw (^^J .aJLp 3^1 ji 

t< a.il L$j j jJJ ^Jl LjJb j~JL jl j jjJ! 

.jity j*- (jjti LJS' jtSli jtSl l.f.W; <Glj jj j^ij 



4-^ ^li lS-^jjJ ^jU^Ij.j ^ilt- : (-1934)^ j j (6) 
o V jUI jJ j J^ jUo.1 J,l Jiy oy 4 1 963 ^ d -U 
. jljjjl j i ii)l ^a.^i ^Jl iibJl 3.... II 



59 



Ulij-Jl <->jĕll u 



JL>-_$_» I -U 

^IW ,,^?_ L« ^^ip J jwjS/I i_~i— Jl jS' (_£j_>xj 
2uL*Jl A..-..JI il (_£* j ^Jl-JL; 4_ip 

i^-U^t ^ j— <S[I t_~— 'I 4—S' JS" 

c LgJ JLi- V iiliS" ^ l^_l_T jl LpJ-i ^ju IJla 
j^SJL-J t2JLj_iJl a-5-UI iJ ^jjj^ V L« yb j 

jii J-»«J £ _JJ OJ <_$i _Ji jjjjJUJ _J 

£31 jJl _j ^^g^J ^'L^^ ^ ^ --L_»-I 
jl <__, jj^l sjLou. JJJ jl c«uL*Jl a..-, Jl ">LL>- 
iiUJl A..;.., Jl jj— ~« o^l yiJl 4—1 jJ jj ^."iA 
<Ss j_JI ^ ji^JI i-^lji jLi LjjJLi t^— <f A-Jj.} ___£* 
ijUaJ j— ■- 4j _J_> ,_3_J— i (J,I t_jJ j_j <L_.iL>- _jij 

^Ji Ai_jJ-i i^JiJi ji JU-ij .1^-%^ 

^iJkJl ^ «L_« jjfc L» , L.«.,^-> ___£—-- c£ j^M — ■. jLlj 
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LjaJ\ oJL* j! ^i\ jSl .SLi^J» l^JlSLll ^jo 
oil yiJl <C^a O^dj L* j»-fiJ (^jii • otal UJj Jj*~iJ 

jr ji ^ v u s\ h~ ^ ^ 

V ^JLkJl LjJ^J .(((|Jbr 

oJLiJl j±£ jJi ^gip «LjjIjA-I j Lry>- Jj'kT 
.ojl yUl |i— J ^jJl ^ A-L-Jl ^yb oJL*j tSjiJlj 
L*-* sLj^iJl tLoip (^j*— j yiJl J*J oL^J-wV_j 

^Lj^Jlj aJJSnJI I^JLSCJ.1 ijy £«Jt-l (Jl LLi>- 

.i-iSsJl ijjli-U ojLc- aJLp ^■.1Ja..^?j L» yt> j ;2uUJl 
1^1 I il ^l alip^l Jl j j£ ^l >Jl JT 01 
J./?->»n^ AJli JJL* j»_aLju1^ ^ £-L>«jJl ^ I 
JLjL- Ljj ^Jl aJL$jJI AJLjjsiJl Aj^kJl jJJJ L,jJ 

. I g O-Ljw?^ ^jJ-t- "5L«Li J j jS\Jl iJt^O J 

j\) JU-I Aj^laJ j «JL» l^i LC^J j 

^jy. ,_jJl thĕorie des supercordes (jLijSH 
oiU-l ^l) ^L-S?! o*>ULLjl JL^y LjjUw»! 
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JjJ^I ^JLJI » J > > ^ 4* 1 y^l 'jk^l 

^Ji^ 1 ^ 15*1* ^ LS*J '^-^ 1 

L^jjj LjL-C ii»lJb-l jit tljj ^s*^ .4iaI >l 

^ * * fi 

\ >\ ^-"ac ^»::" ^Jl _JUn.-_.VI a-L- j .l->-;t j L- j_> 

-JU--__-l 7tJjv» j-»-> 8->l jjLll -J__>-%» 
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J3>\ ^J^J Oj-i ^ Jj>4 J^ 

^j-U *bV l-bc-^« jj^Ni j' fr ^A' *-r^yi ^ 
_iui>f . J-^ii-w» ^f eb jjJl 'jkl* j^ 3ijL>J>l «JL* 
j> jGV1 jji ^-aj k-jJU-l S^S jl _!!:> J| 
Jdl <_$jS jw 2 ^ C-^i eJ-iJl y <jiVl ijjLii 
^Li5w-I ^jjUjj <_$l o*!>_j j-L$j l.o-,.,,^-»- I J&^- 
_S j3 SjLc- jlWTj .ibLJiJl 2ij ^j^j tUai JjIj (_$l j 
^ L^ijU ^Jl aJJjUJI <_jJL£-1 s ji JLc Oll 

jj> 4jik>til flj*rVl jf Lc. t k...;f j_jCj j 
^-„,.■■£-1 Jl I _ .^i-i ajilL; i_jJj>_j V -b>-l jJl c-(_j— Jl 
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ol J> jJl ja iioj>- iiJJi ^jP LiL 4j\j tj^^itJaJl 
ijLtJ jL iLiS" j jf>J j '^(^s-^ 1 LiJi cH"^ <r» 
^/sj^l ^> y> ^J*$ ■ i ^~>. Jj ciiL-» 

L^-jLc ^Jl ^UjLLJI ^jU-I c^Lu 
jjjcj .qj11?.->J.I ^ jj^r-l j Jil o jJL>- ^ ^-i_aJ\ 
Lsi^Jti J-il j^-ai! jj.Liil jVl J Jj^i ' jl 

IJL* 2uiL4- 

O j^J- J,l (^JjJJ ^LLj^l Lc- jj CjAjhj 

jL>J ^JI Jti\ Jai\ ^j .jjJ-lj lil y&l j-t 
*iL-^ ^^ip L. £Jl> ^i\ c^^o-JJl jl L$Jl ĕjLi^l 

C 4-^» ji->wsl L^jt ^lp c ^LLSl ji-L LT Ju«jI 

.olk^il 

^j^o-iJl ja jJL j j^-lj -Ll CjIjLIj ji-eJ^r LJuPj 
.■ .= — 

(jJJaj <^Jvil 2juJ j oljLjj OJt£ t L«_« j«-iJlj 
oJL* iJ LJup j .^jjJuJlJJI jjJr-l j JJJ L$Jj^ 

^jL-j L LjJ jjSJ c >-VI Jw? Jb-I _Jl oljLJl 
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oUilaJl jl Ji^-^lil ) 54** j>j_c 0 ji! jil 
U^j .(^-jjUlJI £U_p J*i._r js! Ua4i cjJb^" 
IsLLaiLj :>ji__I IJL* jj_L. t^jiSs V _Ui j-' jJ 
^ jjL_Jl ^Ip oJUU l j3 d'\ Jl oS^ 

j jS\J (:> j-»Vl i_~— Jl £ j> 0 ji ^j) 

a.j,i......'J| jLtsl ^j . 4JU-I.J o 4-$j>- j-» ^j^r 

t\y>r\ _il_£ jjSy jj^-Ij Jll ji i_J y cSJiUJl 
ji>_ L^j j>-~j ol*_« *_jIjjj^j*^- ^ j jl ..^ !l 
o jv5l L—lTj . 3j__£ ^jl__Jl ^y» ol jyjj Jl 
(_£ j_Jl oJl* a-Li O-bljj co.il jiJl ^jjL— Jl 
4-L—P LLC ^Ssj L» jA j c^JbL_« V ji— a j jl Jl 

. . .J> J_>Vl 1_— — Jl O^L~X_vjI 

«.b j-Jl o ji_l JjSj Jjs 
?Ujl&> Jl 

juj-i oji jjil^ ajjj-ii 'AAs> j_pi u'l_j 
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*ta j_Jl i_j jiill ^I_j<j_-I j_Ol ^ _J_Jl ^-—Ji 

jj* S j—^l i_..iiil jl LJ-P j>«Jl u_j y_Jl ^ 

jiJ t(i j^Jl ^Uaiil ^ *i Jii Jl J^-ii 
- ' *' 

l___J| ^ fUl ( Jk>a.>n JiCiu -^) iUJl 
Sjjj i_.i5i jLi __j tlJL» _ltf- cLjj .(:>j_ 6 j , I 
^jul^» tjy J*— j jl olj^* jJLS" J jls _IJj«j 

Lj <_£ ^p-j .e-bwLP <LJ j^? _jl j_« 1 n $ J_l_ 

u Ji^; v iJL» _I ^ f*J\ & ___->l o'\ 

_j jiill oJL» jt ^l ta-jJiSl _j jij _ j?rj J— - <_$L 
^LJl ^JI o^Ui L^-^ *>L- j£_J 
L. ->«j j .(! 1916 ^Lp J_. aJI *l__»_'l £ 
^.Ja-j t^LJl IJL* ^ oL>oVl ^Jj C..l.,^j 
jj_X_J L^jI ^s-? jl tcO jjJl u jjOj aL>- J_-l jl 
jil i—iyJ V j>*--* -*-*l j-* c^L-Ju a-jLSkj 
L- j__. jjLJI UUk _lf. fr_j^l Ljj _j-_ 4jL_j (_sl 
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$3_i_L_ "y> <-.l_jw__n Lj^illl J<_ 

£l >__-! aj>Ji a-a-Ui __* Juii __* j_J 

_J-!ii ' jljj^ SJU- _i -^r JJ .2 j~-l -4 J ' _r* 4iU_!l 
^SLjj-aJI L~j_N_>l _j_I SJL Jd\ _L>_pL. ^g,;.,,».^ Ji 

,__Jlj c (7) Roger Penrose « jjjL; _/*r jj» J^-W j^' 
____Jl j^ <CSs_iL» jjjI ~ j , ...,5" t_j j_L oL ____ij 

_-_*1xp jL i jij L^_J >- <ui i jJLiL j _ j— *Sfl 

jljj_ 0-4^ ^-jTUil aU^H _i jwo jL-J c$l) 
_i jljj^> I-Lj jj>_JI IJl~ _1p .(____Jl 

(_? ■ APjl , i- T a OjOJ llj— J>_l -U-L" 1 -, :_; jjWLJI 

oUL^I ^i j_>L_. jUa^. jIU : (-1931) j_5> ; (7) 
^ aj ^kj *pL__j »li . clj j__Jl j cjLJjL __Jl _i— «- a j^ 
.( 1973 j 1964 Jy. U) L^lj Jp jl__Jl ___=_, 

*j _J_i sLiJj _lp j\jt ^jir^ jyj-— J' J^ijr^-'' 4— ij l_— »' 
^L.yi <uL|_-! j_,jy L#__L_> j» } t j__^Jl J_>i J 
i_.i jj _Jp _j L^ __J j__- y>Ji _Jp Jiikii S^UJi 3_ Jl _j 

.tb j_Jl U ^_Jl 
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Kip 0 jy j Charles Misner (8) >V J jLi 
-llij U.L. John Wheeler J±j 0 yr j Thorne 

AjUaJb L*Jy jjj jjjj tijljJJ*! s-lj j^-Jl (_J jiiJl J y- 
5jL*j .iSj ^kJl «J^J ^j/JJl J^Ai^l Ji> ^jP 
A^SCjL» JJjl o"V j--~-^ 1 81 jl J^i <-*J^2£- 
jtj tOjJJ oLUj <J j j— il..S.ll 

j»i 01 j»j t> S.ll jjjLt cu^ ^j L -.- d . t £j,rt->*!> 

LjjL. A3*5L^P oljlj-i 4Ja-xl jj L^pL»- jL*I 

Ji-I jA lijh JaJj .iJL^5CJl oLk^J.1 oLj\li 

loLLUl aipi alsCil ^l^Ji 



^ ^ya^i^i ^Ijw ^Ssj j>I ^L>>j : ^r—- JjLi (8) 

oJl» ^ J _jiJl JJkij C_jOj- £>- j> J jl 1xj (^JUl t S^jlJ-l 
JiJ.1 (-1940) 0 j^' ^—Tj jJjj 0 j^J- jS'&} Aja£\ 

vi-*-L* ^ * s-j*^ *jl»i a ^l j_)yJ.i ^sCj^Sli ^'^jj^ii' 

. .5-SJUJl tLj-illj tLj-ill j *-oUrl 
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Jl jkLJLi M >^VI Jl>- 4il 

eJL* 01 I^W <J j-l-J «-l-i j~Jl <— j jiJl cjL^jL>- 
Jl ^j>t j jl LgJ jii'!!.» SjkjdJl ^ _^>>Jl 
jU jjLi- J,LlajjJl _>>J -^Ljj V l> 

tb j-Jl l_j jiiJl 01 Crx Stephen (9> Hawking 

yt\ jJaJl 4J_oj>t- 0L-.....-I-L OJl->-I ^jI» 
\ Ju& ji-** 0 

UaJljlCjl LSCjLSCil 1)1 .Aji^Jl 

L^LjJl OLSCil JjUJu J~J £l >JI 01 Jl JUJI 

JJij Lpl y <UI— J Loi t4jl j& Vj .9jj ^JJl 

' * e * 

S^Lkil SjLSjJI oLi>jjA-l jjj» W jjl j' j»'"L -Jjj 

j ^ji^ ^JJr\ ^ :(1942-) o/jL» ( 9 > 

£ji .tLj.all j-_h-.ll j iJLJoJl cjL-jiL; _Jl _j L>r _J _j^j_j£Jl 
j _j5Jl j-^l _j ^Ij _j— Jl t-j _^iiJl J _j>- 4jL*.Ijj J ,fia. <u_-js 

.4_^S0l ijili-l _j 
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l-_>r jw_s oL>- Jl-I L^J L>-I_jji caIJjJI oLjj^JJ 
cL yL' aL'UII ^ Lc *t£j_--l JjLc _L__Ll «c/jJt-l _j) 
caJL ^_>Jl aL?^ -_~>- J» VJ *_& ^Jth^Li V_j 
J-s-i-j L»Jup j . (3— S\ju> o*>Lp LgJ j jSnJ ^l 
__J_Jl i_-> y_l JuJui jlSO ^ ^f l_jjV' o-L~ 

,jL_jj_M V-? 5 ... 7 jl ^jSCdJ jJu«j (_ _^Vl 

LiL_>_j .*L__-I ^ <_j ^S?! L>-i >— — ii5\ ^ 

^ij-j (((^j^jL/b (jjLi^)) L$jL_>j ^Jl oL>L__>__ 
s___i±il Js j__JJ jijl Js> j__>- ^ip _L__Ll *l£j>-I 
lIJjo l£Jl!I ^Jsl jJl Jj'VI_j -*iij>^ ^J^ J^>j Lf 

_/2j«j jJlaj _ j-_V' 1 iill j! j* _JJ_ 

oJl* y^-Jl ĕjjjw jl . i _^__J___Ji _Jl_ jJI j 

(_£ j_* Lg_» ^tT .-- V_J (*J_Jl 0JuJ_i OjJjW 

^jkJ (aL_J_J| Sl_xJl C->l j *b j_Jl _j jiiJl 

.*i_JaJl yLJl IJu- <_£_i. L~J_-j 

?J__5l IJl~ (j-« *l_ j_* i_j jJL" -l>- jJ J__ ^jSJ 
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|t .k.Il jl^^l jl Jl o/jLa ^yL^. £i JiJ 
"LLS' LgJ £1_ 1jj-aj Owb-I li.j tbig-bang (j">L>-l 

e ** _■ 

iSJj^l *l.j_Jl i_JjiJl Ig.lc- jJJ_j i!_t>- 4jL_Lj=> 
^^LJ_J 1 <» 4jL_f L^iiiS" k_jjLiJ k_j jJL ,_j*j 

J g .t" jL 4jIJ_>- ^^j^-S !J-ij -^j^ s ' j*" 5 " 5 ""*" ^ & " *^""*" 

. * * * * j 

IJl* jl 2u ^J-Jl aj LLi UT j . -L*j Jj>- jjl "^Lii I ^J 

"buil obtJl 4Jj>-Laj jL»tJij1j ^g---- ^_i<_jJl 

"Llj-JI ^K-i^l j-» a5LU ci" ^Lsl j') 

oU_5-"*>lil jl JLj .(oJu_Ujl LjjiLkj *>L^i 43 j ytil 

3JL— ^ Js J\iJl 4_rj ^Jj^ JL-JL ^r.o...»" V "Ljtl ^jl 

j^jj j if.ij j^Ji k_j jjLJi i_jjJ_Ji iJl* j y* 7 5 

4jLjJj *V j^r— Jl _jy ■ J —«J>' «-LjajiJl jl L^j j__> ^ji 
t_J»l>L« J5" ^jj iw~SJ "L'L<J">\j ^j-» jiSl ij; y*j jl 

.4J j~s> 4^»* 4.«.1 (_£jL_u 
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2UjU 

lil£±\ 4j_jL-iJl fl ^rSfl (jLd 'LftU- 
Jjt j jJl tbj— Jl <4-> jiiJl otj c3ii>-">U.I ,Jj Js 
Jij .<_£jv^Jl JiJJ lijv* L>-bj I g a.,^ jj «Jlj L« 
j> L*Jl>- j JSLiJ ^ Jl j> ">\j.jis L>oj cJJi 
<_£ JJl cJj yJl ^J-^-jJl ^j-^jil klJJi L* jvP j_o 
3>p I jS">L_ ijt j^J ,_/4^ ^ 'Jj^-i aJ 
Jii t( » jJl L*t jJJ ^ jL^J^TIj ^ )\ 

j> 01 . ^jLiJl aJI Jy_ V lj-t L*ij^j ^j^t 

J^J ^l iJvJLiJl AJLij-iJl y»ljJiJl j> aLJV 
jjJaJl AjLtC. jJLj ^Aj .AlUaJl ^ IjJL» oL <jT 

tikS" fj^«Jl (^->t jjJaJ Sjjjw ^ (^LfJl 
l>LiJl (1 jJL Up ^ jJl J>Jl jjl ^V.„WT UT 
L.lji LJ c-^Ut Jij .olj>J.I t_Ji ^ <_SjU-l 
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jl j Sj>L*JI 4.,.,,, J g« jjJaj jl j— Jl i_j jJ-Jl 
oSl yjJl cJLS' lilj .Aj ^lajJl »JL* ^/^Laj i-j^ 
JjUi* jjp ^ j— Jl i_j jiiJl ^ ^j3^' 
jlUil ^ -3 Ji L$Uj:> jli <.5jl*\ ^Jl *ljj~iJl 

ISCjL^^j <L»L»JI , , - : ll ^ju ^Bji-U . »> ■» L» 

oiLA-l So^-I j- i, ^Ja; ^ U^jij^ j- cjLISOi 
^Jl h ^ 0 jS^ Lc.j yJl caJ-CJI 

. «.Lij-jaJl *U1p Lktl jj ,_5«-— J 
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* ♦ 



attraction 
gravitationneIIe 






poids 






gravitĕ 






masse 






volume 






rayon 






force centrifuge 




aJuLi o 


force centripĕte 






sonde 




( r-)L-*-« . T- ) il , , .. 4 


vitesse de libĕration 






mĕcanique quantique 




(4-kJI _^Jl 


quantum (plur. quanta) 






gravitation quantique 




4-IjxJl 4-jiLi-l 


Relativitĕ gĕnĕrale 




objl A_ Jl 


Relativitĕ restreinte 




a^ii-i a_ Ji 


espace-temps 




OLCj 
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gĕodĕsique 




\j jj 5 


trajectoire 






orbite 






molĕcule 






particule 




<-iS j*r 


antiparticule 






courbure 






cosmologie 




L>- ^ ^l oLj^" 


photon 




j y j$ 


singularitĕ 




ojly 


horizon des 




ol-LiVl Jii 


ĕvĕnements 






temps propre 






temps apparent 




yAk^j 


rougissement 
gravitationnel 






rayonnement 




t 


frĕquence 






vibration 






elliptique. parabolique 
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ĕlĕment synthĕtisĕ 






3 


naine blanche 








pression de 
dĕgĕnĕrescence 








Fusion 
thermonuclĕaire 






implosion 








neutron 






Ojjy 


ĕlectron 








noyau 








galaxie 








disque d'accrĕtion 






3 — " 


systĕme binaire 








rayons X 








Supermassif 








ondes gravitationnelle 








dĕtecteur 








grandeurs 








cinĕtique 








charge 
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rotation 








rotor 






//> 


thĕorie des supercordes 






^hi» JU-I hjai 


ĕlectromagnĕtique 








principe de la censure 
cosmique 






Jj&l JaJ~\ l-l~. 


forces de marĕe 




j^n ^ lsJ 


attraction 
gravitationnelle 
diffĕrentielle 






alternateur 






* > 


rĕchauffement 








ĕmission 








aplati 








propulseur 








trou de ver 








recyclage des dĕchets 








big-bang 
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^ ill£l\ 4jjU^JI fl y-Sfl ,Ji*l. L^ 
L» J y j jJl tSs j— Jl l1> jJLJI luI j tila^-^l Jjj ^ 

cJJi jjj .(_£jvijl J-iaJJ Ujv5 L>-Lj I g a ■ ^ j; 4jlj 

jjj> LaJj>-j J^-ij" j-^jJl j- 4 "^i^ 5 ^Oj 

Jo\i- (J JJl l_~j yJl J^»--Jl ^ j-i» jll jJJj L* ji^- 
Jai J>\ 'jj- I ji*>L' jl j^J ^^Si (1 j j Jili <L3 

.jl&^lj 

IjwjLi JlSJ LgJl «.Iji j— Jl l_j jiJl oLo-^ j^» jl 

iJ^^Ji ;l£lji iULj^iJi y>i jJiJi ^ aLJt udl 

.^SLkJl 4JJL* 
JjL-- ^ ^ j^i> jil IJL& Jl l_jL-CJI tjjJai) 

^ 4jLvf jj_ J 5-^viiJl «.Lj^jsJI Ll ■ <■>* ^ya 4jL«J>tj 4lL/S 

^ jJJi j t Sj^LJl sLjjiJl ^Jp aI^jJI LU^LCi^l 
i4jLS' J j ./? a I JjjLc- L* J_>JI s J-P cjVjL-J J^-i 
dJJj" L* jLipL AjiLi-l 4~*L» jLj Wju J jL>- c.->- 



ttlj j_~Jl c_j ji_!l _■ y>-j a!,...-\\ A-*_]aJl o ji!l 

4S*>uji ^y^<^\ ji ^33^ ^> . ■■'■<) 

^ a\2 j__Jl <» j^t-Jl j j_*Jl i_j jiill ^ju 

4_j-jbjJ.I ^yaj\^ai~\ j ajviil oL__-Jl ^y» 4J___>- jl^jl 
tLgJjS\J 4_jL_T ^ir" "'-^ j-~J' J--J' L^j y>-_y ^i\ 
Ljijj jli\-«l J*L_J L_S' .L$pl jJI j tUI j^ j 
jl j5Cx j$\ aJjliJl ^jPj ,L^Li_»-l JU__»-lj 
ji* >_Jl ^ LplJ_i__J jlS_-l jpj t L^ ^ 

^JiJl J_-_C j! ^jLc- L__j1 __JI_xJl Ji J 

j j^rj o^SCiJ ^r.;.i ^__Jl 4_SCLiJl oUa?-'}-.! 
OjLvs Ji (»1 ^-Vl a jl dJJj j_Jl c_j jJ-Jl 
2^5CiiJl sLj_iJl jjl^: j ^jjt _$ j > _f 3____»l ^____Xj 
jjji; Ll lj%__iJ /»JJjj jl L^J Li ^j_» il t2_jJ_Ll 
.i_jl^>J.I (^/utJ i_J3 ^ SjJL* diLk> ^j» 
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